S2
(DCM) under inner atmosphere. The reaction mixture was evaporated under reduced pressure to remove TFA and DCM, and further washed several times with hexanes and subjected to dry in high vacuum. and α-cyano-4-hydroxycinnamic acid (α-CHCA). Milli-Q water from a Millipore Simplicity 185 system (Millipore Corp., Billerica, MA) was also used to prepare samples.
Synthesis of hydrophobic QDs
CdSe/ZnS core-shell QDs were prepared according to the reported procedure. (ZnEt 2 ) (1.6 ml, 1.6 mmol) in 2.4 ml TOP and hexamethyl-disilathiane (TMS) 2 S (0.28 ml, 1.3 mmol) in 5.25 ml TOP were used as shell solution. After injecting the shell precursor solution, the QD mixture was reacted for 1 h at 100 o C. The resulting CdSe/ZnS QDs were purified and precipitated with CHCl 3 and MeOH, and finally stored in toluene.
Preparation of cationic QDs
The preparation of the monothiol-functionalized QDs was through ligand exchange slowly substitute monothiol ligands from QD surface due to its better chelating capability compared to monothiol analogues. 4 After 24 h of stirring, MeOH was evaporated and QDs were dispersed in water. Both of the aqueous QD sample, including monothiol-and dithiol-functionalized QDs, were purified by dialysis. Mass spectra analysis revealed the characteristic peaks of the quaternary ammonium derivatives on QD surface, which was showed in supporting information. MALDI-MS analyses of QDs were modified based on previous method.
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DLS and zeta potential
DLS experiments and zeta potential measurements were performed using a Malvern Zetasizer (Nano series, Malvern Instruments Inc, USA). Samples were sonicated and filtered with 0.2 µm syringe filter before measurement.
Thermal gravimetric analysis (TGA)
TGA was performed using a TGA 2950 high-resolution thermo-gravimetric analyzer (TA Instruments, Inc., New Castle, DE), which was equipped with an open platinum pan and an automatically programmed temperature controller. TGA data were obtained as Similar calculation process was used to calculate the ligand coverage of QD 2, and it was determined as 8 nm -2 .
Electrospray Ionization Mass Spectrometry (ESI-MS)
Mass spectra were acquired at positive mode on a Bruker Esquire-LC (Billerica, MA) quadrupole ion trap mass spectrometer, equipped with an electrospray ionization source.
The electrospray needle voltage was set to 3.5 kV, and the capillary temperature was kept as 300 o C. Usually a voltage of 30 V was applied to skimmer 1 and a voltage of 80 -90 V was applied to the capillary offset. Samples (~20 µM) were delivered at 200 µL/h using a syringe pump.
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The MALDI-MS analyses were modified based on previous method. 7 A saturated α-CHCA stock solution was prepared in 70% acetonitrile, 30% H 2 O, and 0.1% trifluoroacetic acid, and to this stock solution was added an equal volume of a 2 µM solution of the QDs. 1 µL of this mixture was applied to target, and after allowing it to dry, the MALDI-MS analysis was performed.
Cell culture
HeLa cells were cultured at 37 °C under a humidified atmosphere of 5 % CO 2 .The cells were grown in low glucose Dulbecco's Modified Eagle's Medium (DMEM, 1.0 g/L glucose) containing 10 % fetal bovine serum (FBS) and 1% antibiotics (100 U/ml penicillin and 100 µg/ml streptomycin). The cells were maintained in the above medium and subcultured once in a four days.
Preparation of the cellular uptake and ICP-MS measurements
HeLa cells were plated 30000 cells/well in a 24-well plate prior to the experiment. On the following day, cells were washed one time with PBS followed by QD treatment (25 nM/well) and further incubated for 24 h (or 3 h). After incubation, cells were lysed and transferred to 15 ml centrifuge tubes. 0.5 ml of aqua regia was added to each sample and then the sample was allowed to react for 1-2 h. Aqua regia is highly corrosive and must be treated with extreme caution! The sample solution was then diluted to 10 ml with 5% v/v nitric acid. ICP-MS (Elan 6100, Perkin-Elmer, Shelton, CT, USA) was used to determine the 111 Cd in the lysed cells. A series of Cd standard solutions (20, 10, 5, 2, 1, 0.5, 0.2, and 0 ppb) were measured to build the calibration curve before each experiment.
Each cell uptake experiment was done in triplicate, and each replicate was measured 5
times by ICP-MS. ICP-MS operating conditions are as below: rf power 1600 W; plasma Ar Flow rate, 15 ml/min, nebulizer Ar flow rate, 0.98 ml/min; dwell time, 45 ms.
Cellular Viability
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Cell viability was determined by using Alamar blue assay according to the Each experiment was done in triplicate.
Effect of antioxidant on cell viability
The experiment was performed as mentioned in earlier reports. 8 In short, HeLa cells were plated at a density 15000 cells/well in a 96-well plate on the day prior to the experiment. Next day, the old media was removed and cells were washed one time with PBS. Cells were then treated with N-acetylcysteine (NAC) with final concentration of 2 mM for 2 h prior to QD addition (200 nM/well) and maintained continuously in the media. After 24 h, the cell viability was measured via Alamar blue assay following the above mentioned protocol.
Cellular membrane damage
The extent of membrane damage by cationic QDs was quantified by G6PD release assay kit (Invitrogen, V-23111). HeLa cells were plated (15000 cells/well) one day prior to the experiment. On the following day, cells were washed with PBS one time and treated with 300 nM of QDs for 3 h. The following steps of the assay were performed according to manufacturer's protocol. The fluorescence reading was measured on a SpectroMax M5 microplate reader (Molecular Device) with excitation/emission: 560 nm/ 590 nm.
Percentage of G6PD release was calculated taking fully lysed cells as 100% control.
Propidium iodide staining
HeLa cells (50000 cells/ well) were plated in a 24-well plate one day prior to the experiment. Next day, cells were washed one time with PBS and QD 1 and QD 2 (300 nM in 10% serum containing media) were added to the cells. After 3 h of incubation, the cells were washed three times and propidium iodide in PBS (final concentration 3 µM) was added to the cells. After 15 minutes of incubation at 37˚C, the images of the cells were captured using an Olympus IX51 microscope with excitation wavelengths of 535 nm. 
Supporting figures
